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THE METABOLISM OF LEAD IN MAN
IN HEALTH AND DISEASE

by

ROBERT A. KEHOE, M.D.
(From the Kettering Laboratory in the Department of Preventive Mediciue and
Industrizd Health, College of Medicine, University of Cincinnati, Cincinnati,
Ohiv, U.S.A)

LECTURE 2 (Part 1)
THE METABOL]SI\I OF LEAD UNDER
ABNORMAL CONDITIONS

Inti.c Chair: R.F. GUYMEL, T.D,, M.A, M.D,, FRC.S.
(Depresty-Cheirman of the Exceutive Committee of the Council)

Tl ronma! metabolizm of lead, as visual-
ized in the terms of the preceding Jecture,
is a rerarkably stable and wuiform process,
Licfoze prozceding to the examination of the
“abnorinz! T metabolisin of Jead. it is neces-
sarv o define the mcaning of this term,
aceording to our usage, and to establish the
intert and scope of the presentation which
is to foliow.  There can be little doubt
that the hehavioar of leed in man is affected
by certain types of disease.” Such effects,
however, have been explored bat little. aud
tiention: witl be made of them only in
passing.  We must also omit a full discus-
sion of therapeutic procedures designed to
“mohilize " lead from the body. in favour
of a brief statement of certain facts. 1he
distzribution of lead in the tissues and the
rate of the excretion of lead from the body
¢an be modified considetably ba-the admin-
1stration of chelating ageiits s#ch as British-
Anti-Lewisite, derivatives” of ‘ethylenedia-
minctetra-acctic acid, antt certain other
similar compounds.  The induction of
specific metabolic disturbénces such as
those occasioned by gross.increases and
decreases in intake of ealeium' and phos-
phorus, or those involving drastic changes

: E:,‘ﬁ:ﬂr‘;}a

in the acid-base equitibrium of the body,
exert littdde or no eliect upon the rate of
excretion of lead or o the concentration of
lead in the blood: such minor changes in
thc metabolism of lead as are seen in asso-
ciation with thicse procedures are no greator
or more prolonged than those oceasione.d
by the accompanying changes in the
throughput or temporan: increascs in cut-
put (diuresis} of water, A

Abnormal lead metubolism, as defined for
present purposes, is characterized by
quantitative changes which result from
abnormal. that is to say, unusual, conditions
of exposure. as these are induced by a wide
variety of industrial operations, an:l alse by
conditions which occur from time to time
in the environment of the home or elsc-
where. The emphasis upon the quantita-
tive aspects of the matter derives from the
fact that the pattern of the metabolism of
lead, as we now know it is modified bu:*
slightly, and often not at all, by gross
increases in the severity of exposure.
or in the rate of absorption. This js
not to say that there is not some
subtle change in the behaviour of the
lead in the tissues, or some intrinsic change
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in G suseeptipili'y of the tssars to the
pressnce of  leads wherely dntoxication
ensues.  The nature of any such mechan-
ism s unknown, but it is clear that its
activation depends upon the presence of wn
adequate  concortration ol lead in the
tissues (presumably at the right poiut or in
the proper stater. Thus to all present
appearauces, the metabolic process: asso-
ciated with saturnive intoxication difiers
oulv quantitetively from the normal process.

When the rate of the absorption of Jead
is increased beyvond the range deseribed in
onr sumewhat arbitrary terms as " normal,”
there is a prompt change in the rate of the
ceeretion of lead. This is scen fust in an
increase i the outpat of lead in the nrine
toeovided there is no impairment of the
rena) secretoey apparatus), It is associated
with an increase in the Jead content of
the hady, as demondrated a little Jater in
the intact organism by an elevation of the
Lead content of the blood. I the increase in
the rate of absorption is maintiiued at a
suflicient level and with sufticient uniform-
ity over an appropriate period of time, there
will be w progressive increase dic the rate
of the urinary excredion of lead. in the Jeud
content of the body, and as an bdication of
the latter, in the concentration of lead i
the blood.

1. 10F INGESTION OF LEAD REGULARLY
Cencrel Experimental Procedures

The foreguing are illustrated by the
results of a series of halauce experiments.
ju wiich each of a series of young. healthy.
human subjects has taken an aqueous solu-
tion of a lead sadt in a knowu qpratity with
cach meal e every snceessive day over a
period of months or years,

Briefly tn describe the experimental pro-
codure, intelligent and reliable subjects
were  selected, after @ comprehensive
investigation of their previous and current
personal, physiulogicall, and medical status.
In a preliminary series of observations. cach
subject was instructed in the collection of
duplicate quantitics of everything eaten
and drunk. including medicines of any type
taken at any time (only with the knowledge
and on the advice the supervisory

hysician). and food or beverages taken
Ectﬁ"ecn.meals; he was instructed further
in the techniques of collecting all urine and
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foces, both wnder the ordinary condditag,
1 d;lﬂ} Liv and i U covgse oo St
iucideatal illnesses of @ Minor type e
conmanndy interrupt or modifs the Calte
roatines  of  otiwerwise  Leadthy pes.
Vuricus clinical obnervations we. o nade
aud recorded weekly and b ather v g,
sary  timest,  at which  time  duplic. s
samples of blood were vbtained by vei
wmcture for analvsis. A dioy listios e
}umi and  beverages consimmed, andope.
connting briefy the roatine and any .
usa! activatios of the dav, was kept s
the private iuformution of the prin il
investigator.

At some point in o this  experime st

regimen. after the choracteristios of the

narind meta!alisio of lead hiad beenw estah.
lished. the cxperimental ingestion of lead
was initiated by providing the salicat
weehh withy 21 smal! coidadners. in which
the desired quuadity o o kad sall in
aigueoss solntion oad been incasared o,
st as to fucilitate the ingestion wighe corret
dase with each meal. '

Further  detadls of procedmies. wiidh
have been perfected T experigice, meed
ot be clalmrated ot this tune, exeept to
say tiat every cfiort wan iade G eisningt
fortuitons and especially svatematic errors
in the performance of the sabio¢l aed
the handling of the walsticdd wark, No
dombt, errors of sampling, especially thase
comcerned with duplication of the Lad eme
snmed, occurred from time to tine, but
there is Jittle reason to doabt that those of
positive and negative sign have tended ©
cancel each other daring the peobonged
perinds of observation.  Likewiv waldy-
tical errors were inevituble, bue constant
checking of the analvtical prevision in
several wavs gave reasuiail assurance that
these would not be cunelative or system-
atic, and that crrurs of positive and 1. ga-
tive sign wonld occur with approximately
cquivalent frequency.,

In the first of such experiments after
brief examination of the normal metabolic
pattern, one milligram of lead was ingested
daily by Subject M.R. (in addition to that
which occurred in his food and Leverages).
over a period of 1.456 davs bocause of
certain fortuitous omissions. the total quan-
tity of lead administered in this way was
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s the total guan-
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Jearest LIV H &N
1443 miliigrams’. The ohservations were
carcied ot o, aslebitionz:) 2% davs after
the experimotal ingestion of lad had
becn terminated. at which time l'ﬁi- experi-
ment was concluded at the wish of the
icct.
sul())lr(-r the period of eight vears: additional
experiments of this type were ‘@nducted.
in which (-omllmml:!v information was ob-
tained as to the responses of three other
experimental subjects to'the dadly jngestion
of 2. 3. und 0.3 millizrams of kiad respec-
tiveiv. 4s agueous s«»ﬁ_‘li:‘r}fs takeh swith the
meals. (Earlicr experimaiits of tlis gencral
type were carried out prior to‘the develop-
ment of the analytical nicthodé now in use
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in the Laboratory.  The results. while
simildr. re not strictly comparable. quan-
titut®els)  None of these was so prolanged
as the first, cach having been designed,
primarily, around & question that could be
answered in a shorter perind of time. More-
over, the patience and endurance of even
the most imperturbable and compliant
human subject has limits. It is neither
possible nor necessary to speak of the many
details of these cxperiments at this time.
nor to deal with the many experimental
ﬁndings which have been or are to be pre-
sented elsewhere. Instead. ccrtain portions
of the data have heen assembled in tabu-
lar fonn or arranged graphically, i

o Table 17
Lead Intake ahd Output in a Healthy Human Subject (M.R.)

Successive L Leadt Lead Eliminated—Milligrams
Perinds Ingested - -
of 23 Dayvs Milligrams Total | InFeces In Urine »
|
Comtrol Ierini ... ... 1 723 16:57 | 0.02 0-6%
Test P'eriv t—
1me. of heald 2z leid azetate 1 3502 205 23.14 080
or lea! chloride in solu- . : _
tion, takan daily in doses 2 - 81w 30-41 . 20.2 1-29
of 0-055 mg. earh with :
Licils =8 3770 33-60 1 37-62 . 107
i 366 ¢ 3263 ¢ 30005 ! 1-65
5. 4276 3470 3207 178
] .
6 | ss.67 o307 8832 1T
L SRR "N TR S YO LN VWY | 1-31
. ' | ! i
YR 8562 ¢ 3315 343 | 112
¢ : i
" o+ 83.30 | 3586 ! 35-53 2-33
Fie ! a2 | 305 { 57-18 1:77
froor !
TN ssas | osem | sim 2-07
35-19 } 36-53 ! 33-97 2-61
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iHustration of facls whicis are periinent. periiais (originally tdmlate 3 duily, sean - U "

The first of this serics of experiments is  up for cach week, and then for vacs perd
presented faitly fully, in order to demzu-_ ot four weeks).  The primary parpusi
strate the mncthod of assembling the data  this table is to present the summanz.d
for study, after which corresponding parts findings of the initial period before e
of others of the series are shown for com- administration of lead iu solution. in jla.

arative purposes. pusition to the carly months of the experi-
‘Experimenta ‘Results menta) ingestion.  Only two puints i ti:2

In Table 17, the early findings of the, assembled datd call for special notics,
experiment’ in which subject M.R. was namely, e gemeral trend towsurd @ pro-
under observation for a little less than five  gressive increase in the nrinary lead oudpt
vears, are arranced to show the Jead con-  as the experiment continued. and the L
tent of the fuod and beverages. and that of such incrcase in the fecal lead outpe:t.
of the feces and urine, as these have beea Dol of these phenomena will appear 16 2e

comnpoasited for cach of a secries of 28-day strikingly later.

: &
B Table 18 ,
Lead Intake and Output of Normal Subject (M.R) o
; : During Oral Lead Adminigtration
R .,_‘ i “Guecessive o+ Lead . Lead Eliminated—Milligrams i Jead—11l
- B Pericds ; Ingested — T Lust (=dur
:,,5 of 12 Wecks - Milhgrams Tota! . InFeces ! InUrine Retained ) '
p st .. e 128 10148 i eg.32 | 316 TINE ,
- gnd . . NET o 10898 1080 gy e '_
¥ sed . .. 10722 1 1088 l\ 100-15 | 5% , &1l
j #th . . 8T bognesr ! 10857 \ 600 - =2 - R
! | | | [ N\
] l .. .. lels D 111-22 108-66 | 638 | — vl . ,
* — C [ ' ‘ :
- eth . .. 1622 12159 ne1s T —_ 557
¢ oh . .. 10944 34l 1 8057 | 681 —16-05 -
Y : -t . :
B " CSth .. .. 1204 113:86 S SEEE TR 4 650 v
— ; | i ' :
; «h . .o nen o 18l | 108-97 | 58 - - T :
Joth .. .. 10048 | 9386 . 9122 764 662 :
! L
k. 1008 o 109-19 | 102:23 694 . — 162 E
[ . ' .
19th ... .o 1142 102:06 |  94:03 803 ¢ _ +1218 i
. N ‘I'
. 18th ... .., M8 100-68 94-02 - 6.86 | 1240 '
. , | i
: — Torar .| 1.476:42° 1,398-19 | 1,316-12 82:07 | 78-28 l E
1 - ) cr \ L] ’
* mawevas »
. . épresimtel\' 83 00 mgs. in drinking water, 372.32 mgs. in food and other beverages, %
and 1,082:10 mgs. administered in solution. - i !
104 3
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The catzespriding results of 2 more pro- there were also three periods. as shown in

. : .- v . s B oy - .
ERPE Vet ! p;-fi,:"f’ﬂurn‘.f' \._-,-,;;,!, e t!nh'_'_’n.m l;;}f‘i Cwhen the sutpuat was SUIWaal

ST of of foo? “was invested daily{in addition to grbater than the intake. We shall examine

fail SUninged

s i : that o ntained in the dict), haive heen com-  these irregularitics a little later.
sarind hefore g bin-a for successive periagly of 12 wecks in The facts with reference to the sources

tratc more aud quantities of ingested Jead, the avenues

Han, in juxt,. Table 1S, These data sty
7, the uncven  and the extent of the output, and the mag-

s the exper. clearly thau those in Table,

- Poiols it e but generally progressive dperase in the  nitude of the deficit referred to above,
© ipeuiad notice, arinary output of lead. and, they estallish  duriug the entire period of the experimen-
o teward @ pre. the uceurrence of an irregularly ?rogrcssi\'o tul administration of lead, arc summarized
wmmaty lead outpyy increase in the deficit in the jotal output of iz Table 13 It may be nated here, for
s the Lk lead. as compared witly the total iutake.  what it may be worth later, that the quan-
= ol dead outpue, Apparently, under these ditions, lead tity of lead excreted in the urine during
LU appear msre was accumulating in the body of the sub-  this period was practically equivalent to
ject. It is apparent, howeyer, that thers that retained in the body of the subject.
were titacs in the conrse-ab this experiment A rough calculation will serve to show that
. _ wher the antput of lead v the body  approximatddy 70 milligranis of lead were
o _ was very neatly equivalent to the intake;  excreted in the urine during the perio:l of
. Table 19
Lini=DMy, l.ead Intake and Output of Normal Subject (M.R.)
— st ' During FoursYear Period of Oral Administration of Lead
S LN T . .
=11-5" . : © Percent of
. : A i Milligrams Total Ingestion
REE Ingested : i
v - el In drinking water : 3000 1-5
- ! In fuod and beverages ... W gesean 25-3
.- .- : K ‘ :
TTowTe Administered in solution | 1,442-80 73-2
I N O] :
A Torat ... U K0S B8 100-0
PO H f
- f-r‘v'\ . |
e : Eliminated : i
— 16 Infeces ... .. .. .. 1,739:31 8s-2 _
—12-13 Inurine ... .. ST 5-8 T
—12-45 i
I ToTAL .. .. ..l 1,883:08 94-0
- 7825 : . S,
Retained ... ... .. .. 110-07 : 7-8 Ca
- e zevaraged, i - c
RO g
105




S FIOASRLPH TEE METABOLISS OF 1LAD UNDYR ARNORMAL CONLITINN.

abnornin:d absorption more than would have
b exereted under roraud conditiops,
This calculuation is made by multiplving the
rross urinary volume during this perind,
tv the mcun concentration of lead in the
urine of this subject before lead was admin.
istered, and subtracting this product from
the total output of lead in the urine. liis-
regarding the indeterminable quantity that
muy have occurred in the feces us a true
excretion, which may have been of alout
the same magnitude as that excreted in Hhe
urine, this quantity {70 mg.), when added
to that retained in the tissues. adds up to

180 milligrams that may credibly be t%m
" to have heen the minimum guantity of
lead actually ahsorbed from the alimentary
tract in the course of this experiment,
roughly 13 per cent of that administered.

[Cuonen2l RIPW o 4

or somewhit less tian 10 per coit of tie
total grantity invesicd.

At this point in the descriplion of s
experiment. it might serve the purposes of
Lrevity aud, at the same tinig, contrib,
information for comparison, if we were i
introduce data corresponding to those ¢
Table 19, but derived from another expesi.
ment, inn which subject E.B. ingested two
milligrams of lead per day, in addition
that in his dict, over the period of somc.
what less than two years (651 days). This
experiinent was carried ont in precisely
the sainc mauner us that of the first expri-
ment and in concurrence with the Jatter part
of it. The corresponding data are sanin..r.
ized it Table 20, in which it can be seen
that approximately twice the daily dose of
lead per duy resulicd in the accumulation

“Table 20
lead Intake and Ougput of Normal Subject (E.B.)
During: Two-Year Period of Oral Adminlstration of Lead

Yer cent of

Milligrams - Total Ingestion
Ingested :
In drinking water 12-() 0-8
In food and beverages ... 120-43 &9
Administered in solution 1,286-85 0.7
Total 1,419-33 1.0
Eliminated ©
In feces 1,236-18 87-1
In urine ... 73-07 , 5-1
TotaL 1,309-28 ' 92-2
Retained ... ... ... .. 110-07 '. 78
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Fiz. 1. Graphic reprasentition-of the quantitics of lead taken in food. Levercaes and in &
solution 1 ith meadl & enth of 39 successive periods of 28 days. and the quantitivs

climinate:l in the urine and feces (combined: in the corresponding pericds,

of approximately the same guantity of lead
in tiw body of subject/E:H: i half the
time.  Again. the guantity-exereted in the
urine during the administration. of lcad
was approximatcly the sameTas that re.
tained in the body of the subject. The
guantity of lead abserbed::during the
perind of the administration of lead, arrived
at by the same procedure s that indicated
in the case of subject M.R.:abeve, was
certiinly  not less thaﬂ‘riiﬁﬁ!?ﬂiiﬁfmms,
which is abiout 13 per cent o that adminis-
tered. and almost 12 per eént: of the total
uantity ingested. - (The :total . quantity
absarbed may well have been.of the order
of 200 milligrams. or 15 angk34.5.per cent.
QheA total l,quantit,\' off by stxd:lead.) -
graphic view of theé gross:guantitative
ationships between thé: ingested lead
0od, beverages, and that inistered),
:lh:r'i in gge ffe:cl:s ;;16 that=in llrh : u;in:s,
ng of the 32 periodss{gach ot 2
days) over which leas - was:-sdministered
to subject M.R., is shown in¥ignre 1. Cer-
tajn trends are clearly tisiblew-the general
course of the increase i thieim mb;ﬂut
of lead, the essentialby piesdlel vamability

Tespectively, of the administevest Jead, and

Subject M.E.
of the total intake and output of lead
during the tota! period portrayed. and the
comparative constancy and vet the slight-
ness of the discrepancy between the intake
and output, as referred tn previously in
Table 19.

A further series of charts have been
drawn up to reveal certain simple but siz-
nificant facts. Thus in Figure 2, the output
of lcad in the feces may Fm seen to have a

well-defined relationship to the lead in-.

gested (since the amount administered was

e G

the same each day, the variabilitv lLere - -

derives from that of the food); it also bare
a direct relalionship to the regularity of

the emptving of the alimentary tract. (In
assembling the analytical results on the
lead in the food and feces, for scanning as

they were obtained. it could be noted that:'

the fallure of the subject to defecate during
any 24-hour period resulted in a discrep-
ancy between intake and output which was
never fully counteracted
evidently, a greater degree of absorptibn

of lead oecurred when the retention of the
contents ot the alimentary tract was pro-

longed. 1In this manner, this factor came'to .

light.)
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1" iz 2. “rt rfhm'on Tdei‘bﬁ ﬂu‘M Bonid Oﬁrﬂﬁh the f&‘rﬂ {uppermost serice of

connected puinte, the total intgke

- load in food

heverages and in solution vmiddic scrics

of counccted points), and ﬂw wregularity (o1 of the feral everuations (lowermost scries),

ax represented for eoch of 31 periods of 35

dmu, during ¢ prolumged period in c.lu:‘h 1

milligram of lcad was ingestéd (with meals) deily. Subject M.R.

Certain fact$ with micct to the lead
content of the utine and blood during:the
entire periad in which lead was aﬂmim;o
tered, are shown ' in ﬂ&xrc 3. The wmean
daily output of lead in'the urine, tlie mean
daily concentrution of lead fu the urine,
and the qverage concentration of lcad in the
blood, for each 25-day period, are plotted.
A point of outstandifig’ importance is the
general up\v. ard slope of the! three}curws
Therc are frequent &ea allevs in
each of them, as well as ccrtmn dess fre-
quent downward swings in the two repre-
sentations of the uritiary lead (wiyich will
be remarked upon latéf), but degmc ‘the
frequent or  infrequent “recessi their
eventual course mounts to sgiv: ely
higher values. There is no evJ of the

e\-eme:n‘tl ﬁp;? ﬁoeguilibﬂum with the
ex o
% frther po

8:}13

lance,.as it is when ﬁ!eiharp l
gcvzahons of the curves are ironed out in

t leﬁ ﬂ miaila le in the body,

fisted (straight Jine) curves. as jllustrated
in the case of the urine in Figure 4 helow.
(Tlu. hﬁ;:: the part of the blond is the
wnced. the higher the rate of

q&o n from the alimeitary tract. i.c..
rger the dosc of solublc lcad ingested

) This phenomenon would scem rot

s(- gspecially remarkable when one

' ééknne with the fact that the conceutration

of leaci in the blnod of the normad indivi-
dual is approximately 10 tites that in the
urine, l ced its unusual feature is not
that this dzscrcmnu occurs hut that it is
not censidérably greater, for such would
certaiply be the case but for the capacity

_of the ‘ervthrocytes to take up leac and

thus retard somewhat its passage from the
hlpod stream into both the tissues and the
urine, As we shall see later, the usual limi-
-of the rate of the urinary excretion
ad does not depend on a normal
ypikity of the renal apparatus to excrete
“hevond a certain low level. but upon
the limjted availability of lead for excre-
en a sufficient clu:mm\ of

the urinary

excrétion of Jead may be augmented thirty-
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Fig. 3. Mecan dcily output of kead in urine, and mean daily concentration of lead in urine

and blaod, in cach_pesigd pf 25 days. during

a prolonged period in which 1 milligram of

lead, in salution, tzus ingested, deily, with meals.  Subject M.R.

fold or even more. At sach a time the con-
centration in the bloyd: is Jikely to be
increased only eight ar-teafold. On the
other hand. under circomstanges associated
with abnormal absorption-of. Jead, and also
with an impairment of-the regal excretion
of lead—a situation whieh...pccurs only
rarelv—the ¢éoncentratign of lead in the
blood may be elevated by .as muclh as
twentyfold. Lol

In Figure 4, the ‘totsl qutput of lead in
the urine, and the total velume of the urine,

for cach 28-day segment of the, total period
involved in the experim . inistration
of lead, are plotted in. . By this

Mmeans, one is enabled. $0 see that the
volume of the urine is. portant factor
n the urinary output of jesg, and also that
{in . Cincinnati) re ; 5. & well-defined

seasonal factor which the output
of water and the output.gkdsad in an essen-

- Hally parallel manner. Many.(but not all)
of the minor irregularitig;in. the output of
d over the entire sxpshimental period.
lﬁpear to be explainable cmydisis basis, while

the low points separated frofh each other by

larger, serrated, upward loops, coincide
with the peaks of summer heat, approxi-
mately a vear apart.  And yet, despite all
of these deflectiuns, the main course of the
curve is steadily upward. Whether this
curve is best fitted by a straight line may
he questioned, but such a question at this
point in our discussion may be dismissed
as of little importance. The important

int is the fact that there is no evidence
icre to suggest that the upward trend will
diminish with further time. For aught one
may suspect to the contrary, this same
course might have continued upward
through the remaining lifetime of the in-
dividual, so long as the experimental condi-
tions were maintained, and, as we shall sec
later, this, in all likelihood, would have
resulted disastrously: for this experimental
subject in somewhat more than three addi-
tional vears. [The special experimental
conditions represented in the latter part of
the curves by the arrows under the heading
“induced dietary changes,” will not be
dealt with here beyond the brief comment
that they represent a series of crucial tests
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Fiz. 4. Tle relation between the 5ron output of leod in urine and the ;mm volume of the
{]

usine, in succesvive perinds of 38

aus. during a prolonced period in w

ich 1 milligram o*

leud. in sohution, was ingested duily, with meals.  Subject M.R.

of certain dictary or therapeutic methods
of alteriug the retention of lead in the
body. which can be seen to have influenced
the ouq!m,t‘ (and intake) of water, and thus
only indirectly and iusignificantly, the out-
put of lead. Thesevere, in sequence,(a) the
administration of milk in large volume, (b)
the administration of large doses of ascorbic
acid, () deprivation of dictary calcium, (d)
the deprivation of both dictary calcium and

. phosphate, and (e} thé administration of

cxcess of phosphate, and (g} the administra-
excess of caleium, (f) the administration of
tion of #Xcess of calciam and plzsphhte,
on¢’ admifistered in the moming. the other

in “the"‘e\‘i'txigg.lw diminish thelr divect
Eac

intgraction, 1 6f these procedirés was
iy 8 o T i
ject resumed his usual re; or 'S,
with the exception of procedures (c) tz’d
d). the Yatter ‘of \which followed imine-
ilgél;"’ in &tfmt';l:e of the hme;;liol ,
n view. of ‘apparent ogéea
and prﬁmﬂ importan ‘dfszlﬁﬂilﬁee
of the dtinary volume upon the output of

lead from the body, and in recognition of
the dearth of quantitative intormation,
derived from controlled conditions of
experimentation, on this matter, the oppor-
tunity to carry out certain detailed ohsarva-
tions of this type, iu the course of this
experiment. was too tempting to pass by
Since also there was little or no information
as to dinrnal variations in the concentration
of lead in the blood, under fairly constant
but abnormal conditions with respect to the
a tion of lead. the blood and the urine
of subject M.R. were sampled at intervals
of two hours throughout a period of 24
hours on each of threc different occasions
during the period of administration of lead.
The grst observations were made five and
one-half months after the initiation of the
experimental iagestion of lead. the second,
19 months later, and the third, 10 months
after the-second. No additional experi-
meantal variable was introduced into the
fiest series of observations, but in order still
fusther to intensify the variability of the
throughput of water, the second and third
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peried out as
; tests, the

,%ﬁ"\%’i}_l b= noted that the eoncentration
of lead” ia- the blood varied only insignifi-
cantly fonly one result, on 9 }anuarv,
1940, ranged above ‘the upper limit of
analytical variability) during any one of the
24-hour periods, but that the level of con-
centration increased step by step in the

o por 100 n._«
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Diurnal vuriations -ite-the. concentration of lead in the urine and blood (lower
! (centre and right upper
caristions in #h e 0f the urine, during three 24-howr periods in the course
of @ prolongé®firiod of experimental ingestion of lead. Subject M.R.
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Fig. 6. - The cumulgige
.and that ingested in ol
periods of 25 duys, during
(1 mg. per day in solltigh) 4
represents the totul quantity

THg; teBar PEmORY

between the gross intake of lead in food, beverages

the ‘gruss output in the feces and wurine, in successice
prioels of experimental ingestion of lead. Subjcct M.R.
- subject E.B. (2 mg. per doy in solution). Each point
od-retained in the body of onc of the subjects at the
period of the cxperimental sequerice.

111

ES

ooy



T May, 196))

T N VA

suceessive periods. The urinary concentra-
tion. of lead, on the contrary, varied widply
within each period, in inverse relftion!to

¢ urinary volume. The extreme expies-
sion of this variabjlity 7, on
the same day (3rd, March, 1939), wiiile the
concentration of lead in the blood remaified
essentially constant at 0.053 mg. per 100

afs, tlm"toncemgnoa -of lead in the
tsniine ranged from 0.05 to 0.21 mg. per litre,

t the apposite poles of the urinaty volusne.
"i‘his higg degrg:l of variability should be
noted _and remembered in relation to -the

frequency with which attémpts are ngs
to establish thie general level or rate of the
current absorption of lead by an individual,
through the analysis of a sample of urine of
small volume.

_ Next in Figure 6, is another aspect of the
abnormal metabelism of lead, as revgaled
in the two experiments in which .suly
M.R. and E.B. d 1.00 and 2.00 r
grams of lead daily, respectively, in addi-
tion to that in their sespective diets. The
cﬁz:uluti\;c reteption of lead (the gross
dificrence hétween jntake and output in the
bdie’sv:of,m,c:gj«u) is plotted ‘on a
month by month (28 duy) basis, the result-
ant two curves being practically the same
except for their slopes and their representa-
tion in:libmc.h That is.::g}u:t E.B. rgh?f
peactically the same 3 t as t
subject M.R. in about‘h:l?n '

“shown pre -igusl\- in- the end:

Its,
20. It may.be notad that

Tables 19 an
tt:tgesoints on these curves could hadly be
fitted by any other than straight linfig, and
that there is no suggestion of a ninal
levelling off. Therc arc. evidences in both
curves, howeter, of a recurrent levelling
and downward trend. in the form of four
notches in the four-year:eun'egﬁll.) and

“two -in the two-year curve (E.B.).
- occurring at the same time of ymhm
~ instances, namely, in the summer “ieastn.

The menaning of Figure 8, ini its gimplest
eay ﬁ » simplicity of

" tormd, 8 clear, but

the facts ma_\"be'deup‘exc). and perbaps

some further consideration should e given
to them,:, These twe! éxperimeniihl * sub-
jects, a8 well as s third (subfe ) vhib

 three rhilligrams of lexd, a6 & dis

" “solved salt, every day for months,

sulfered no deviation from a state of well-
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bieing during those experiments, and, there-

fore, it might:be conchuded that these daily
dasages ot lead have been proved, thereby,
to be So they were, for tha

period of time represented in the experi-
ments. If, hgwever, there is a point at
which the accumulation of lead in the body
becomes, of itself, dangerous (evidence will

sear, subsequently, to show that this is
the case), we¢ must view thesc experiments
in a different light. Unless thesc subjects,
if continued indefinitely: under their respee.
tive conditions of lcad intake, should, at
some time, achieve an equilibrium whercby
the intake and output of Jead would come
into balance, they might well be threatened
with lcad intoxication at some time. It is
important to recognize. thercfore, that no
evidence of ag approach to such an eﬂ'
brium is offercd by the results of
experiments. We shall return to

atter at a later and more appropriate
point. ,

As to the seasonal variation iffthe Jead
metabolism of subjects M.R. anjk EB., a0
s v interpretation can en. It
is pertinent, however, to call tion to
the fact that the excretion of lead in the
sweat of these subjects, to whatever extent
it may have occurred, is not accounted for
in these curves or in any other representa-
tions of our data. If such data were avail-
able for inelusion. they would further in-
crease the loss of lead from the body, and
would incrense the negative metabolic
bhalance, thug decpening the notches in the
curves of Figure 6. It is evident. then, that
there was a greater excrction or a lesser
absorption of lcad by these subjects in the
summerttime, but the rcason for this 0-
menon is & matter for speculation. Was it
temperature per se, or sunshine. or the
greater scasonal recreational exertion of

ryeH

young persans, or the greater use of fresh
W gnd fruit during the summer

months; or was it some more subtle change
_in the | metabolism of the body?

A further experimental variabls, that of

dosag relgins to be cxam;ned for its com;

‘e etects upon the pattems o

W of the several subjects. These

g can be illustrated in a few charts

and comprchended promptly and with
lithe further explanation. It may he

e
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interest to mention the fact that the dosage
:)'; 0.3 mg. of lead per-day, tiken 1
S.\W. (m addiuon to ;ﬁat ifffs (Tiet). was
selected by means of d rouglt ciilen
the belief that it miglit results

of alimegta y a_t})s? tion ed

being absorbed in _Ihe re
Thisgsubiect had in’h

of 13 lunar months of ob

normal (coutrol) congdit i, which
his output in the fecés and uniié had ex-
crdolhs e s o s breags 1y
8.55 milligrams. is gxcess Wik regar

s having been absorbed ffom the atmo-

sphere in_the respitdtory tract. If our
estimate of the appropriate dosage for use
in this experiment had tufngd out to be
correct, the intake and ofitput of lead,
charted in the usual - mjandeér, woyld have
been in balance, and ‘the s#@usl-amount of
the respiratory absorpition woiiltl have heen
indicated Dby this indirect pip&édure. This
turned out not to be thi¢ cas® it it eventu-
ated that this was the least dose which,
when ingested, woulld be-abisorbed to such
an extent as to yield incoutrovertible evi-
dence thereof within a few months.  This
fact and certain others are shown in a series
of charts. :

$ndi (g et 4 Ghe
Pt SR AR I

ROBERT'A. KEHOE

n By subject -

-

R e d

[Ny, 3544

P

“Figure 7 portrays the mean daily alimen-
tary intake and output of lead by sub-
jeet S:\V.,, during the 11.5 lunar months of
the control period, and for the 17 months
thereafter, during 15 of which, the dose of
0.3 mg. of lead was ingested daily. This
chart is introduced merely to demonstrate
again, for emphasis, the fumiliar relation-
ship of the alimentary output of lead to the
alimentary intake, over the eutire period of
the observations. The extent and the
abruptness uf the changes associated with
the initiation and the termination of the
period of experimental ingestion of lead
are apparent.

“The situation is different. however, when
evidence is sought of the absorption of lead.
from the alimentary tract, under the con-
ditions of this experiment, by examining
the cdata as they are sct down graphically
in Tables § and 9. The two lowermost
curves of Figure 8 represent the mean
quantities of lead excreted per day in the
urine by subject S.W. during cach 28-day
period of this entire experiment (the period
of ingestion being superimposed, for pur-
poses of comparison, upon the control
period). In three of the periods of 25 davs
during the experimental ingestion of lead,

! .
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1 { : '
0y | X !
[ ewmee INTANE ’ : .
31 T @ e ! ; ;
) ]
- 2 L] 1 =] 12 " " 1] t 1] 2R 24 £1] 29
TNE 40 SUCCISSIVE PLARIODS OF 20 OaArsS
Fig. 7. The gross 1 In food and becerages and the gross output of lead in the
feigu, for each pel s in séquence, ar:zglomyd as indicated, in the initial end
final scetions. The tign along with-the food, is added to that in the food

YRR thgosed dul

3% diys, during the total period in which 0.3 mg. of le
jesteld u. Subject S.W',
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the output of lead in the urine was signifi-.  siinple inspectinn is a sufficient means of
cantly greater than it had been in the ditierentiating them in relatiou tu the daily

N corresponding part of the control period, dosage of ingested lead.

; and, urin%';t ¢ latter part of the period of Fiﬁme 9 provides a compurison of curves

N ingestion, the general trend of the urinary” waich differ in thefr construction from

" output of lead appaared more and moge to  those in Figure 8, only in that each point

Y devinte from strictly mormal levels, Alost represents the mean concentration, itstead
of the time, however, during the period of of the mean ¢uantity, of leud in a series of
ingestion, the ence between the two 23 samples urine each of which was
curves may be seen te have boan negligible. ane day’s output, these being plotted in
The over-all difference is barely of tethporal scqlt'énce The visual compari-.
statistical significance. The other curves sons are facilitaged by the inclusion of a
in Figure 8, with the exception of straight line representing a mathematically
that of subject LF. (3 mg of lead derived slope for each curve {except that
per day), whose period ot ingestion representing the control perind of subject :
was tou bricf to bring out the main or. $AV.). There was a hurely significunt :
ultimate slope of .this curve, reveal their increase in the concentration of lead in thie :
own trends.and diverge from each othet urine of subject S.W. during the period of §
and from the baseline in a generally des . ingestion. ie other curves hear much .
finitive manner. These elongated curves the same relution to each other us those in ;

are pletted on approximately the same
seasonal basis, and although there is sume

Figure 8. "In Figure Y. however. the inade-
quacy of the curve {subject LY.+ whicl is

- degree of conflict in their seasonal trends, inteuded to représent the response to the .
» = - '
J S
Pal s ol s !
°f /\’/ t!’ :
» 2r . s / : v,
5! : o ~ /J \ J AN / u
3\ // \ /". :
p' r 13 \_." .
= . ”t a2t /':. /’\/'\
2 /o :
? '3' ity . J<sa.:=v " / \ .'/_-
}% e o / h \ /\ -
: ‘1 § st/ . _\/um:v sw l
B S “![" / ”,.‘-:. B _,...‘_...) P !
Gl L . ; g—/.‘ :
' § O)L‘V . kS |
- { !

-
Wy
e
~

?

o
3
3

o
[
-
3
-
L]
-
-
-

TR YL T D T S T ¥ R

TIME IN SUCCESSIVE PEMCOS CF 23 DaYS

Fig. 8.
- successice periods of 28 days, i
: : ‘s:hmas.l'f‘ (;i me. per davsl. E.B
repr (O curves, one
m&e: with mng, ’
0.3 mg. of lead per day. The points ploi

=2

and the other, conlinupus, covering the

The mean daily output of lead in the urine of cach subject cr identised. in
ncluding the prelimingry (control or basc-lingt valucs of
{2 mg. per duy’, and LF. (3 mg. per day’.  Subicct SV,
portraying the period during which no leed we:

rind during which he ingested

in the case of subject MK, represent only the

first 23 of 52 periods, which could be compered with those of subject E.B.
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WEAK URINARY LEAD CONCENTRATION-mg. per Liter

° ‘' 2 3 . 1} . T ] ] (D)

3 13 " 1Y - B r ] LI P S 1 A L I )

TIME 1N SUCTESS..f PE™IDS CF 23 Cavs =

Fiz. 9. The mean duily xoncentration of lecd is iirc urine of subiocts SV, MR, ED.,
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’ v Figure S. -

ingestion of 3 ma. of lead per day (plus
that in the food), seems evighat, for while
the two wlhacent angl o¥fire  prolonged
curves tend to level off soicihat after an
initial sharp rise. this one/Svemtingly, por-
travs only the initial slopes ™ One would
liks to kuow what \\jg)ulld” huve been its
futnre course had the expleriment heen
prolonge. o

The ocveurrence of nofagcurrence ol
significant chanves in_the conecnitration of
lead in the blood of the “Four subjects
uring these experitnents 48 shaswwa araphi.
cally in the curves of Figiire 10, The two
which represent the twa Perinds of the
exncriment imolving subjjéet S.3V. connnt
be diiferentiated, nor could these two sets
of data he differciitiated hy statistical
means. It is possibfe @ tiese curves
would have diverged sigfifiéantly, if this
subject had adhered ‘to thé vime experi-
mental regimen for a'long od of time.
This is not certain, howeFét 4nd the fact
is clear that the absorpth ‘lead at this
level of oral dosagé s e as to be
barely demonstratet ‘a slight
Increase in the rate of th i
of lead, without the

iy by
S UFiniry excretion
ting evidence

of an incresse in the concentration of lead
in the bluod.

The curves which shew inercases in the
comecatratiom of lead in the binod, in assa.
cintion wiili varying rates of absorption of
lead, slope much ore gently upward froem
the base line tiun do those indicative of the
rates of the urinary exerction of lead <Fig.
9. and they tend 1o disferentinte themselves
from cach ather o w Jesser extent and moee
gradudly than do the correspondiug urin-
ary slopes. Ou the other Tuand, it follows
thut every demonstrubile change in the
Bluod is mare significast, in terms of the
degree of absorption of lead which induced
it, than is a comparable duearee of change
in the urinary output or cuncentration ol
lead.

A passiug reference was made, at the
beginning of this discussion of the meta-
bolism of lead under abnormal conditions,
to means of hastening the elimination of
lead from the body—"deleading ", as this
has_often been spoken of. The accom-
plishment of this purpose has been a
persistent goal of medical therapy, and
many remedies, among which were potas-
sium iodide in an earlier period, ammonium
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Fig. 10. The mean concentration of lead in the blood of subjects S\, M.R.. E.B., end
LF., plotted for comparativ¢ purposes, cs in Figures & and 9.

chloride more recently for a time, and
sodium citrate still inore recently and on
different  theorctical grounds. None of
these agents is of any practical value in
speeding the elimination of lead from the
body. (Whether they may vield therapeu-
tic Lienefit otherwise, is another matter)
An obstacle to the clarification of this and
certain other cquestions of clinical and
leﬁ\l medicine, has becn the almost utter
luck of precise information concerning the
wmanner and the proportional extent, and.,
morc antimlarly, the rate and duration. of
the climination of lead from the bady,
following varving periods of abnormal
absorption. Every physician has known,
or vonsiders that he knows, about the
cumulative characteristics of lead, but fow
have concemed themselves to know any-
thing definite nbout the eventual outcome
of the ordinary processes of elimination.
It is almost as though, in general medical

belicf, lead accumulates in the body in the

absolute sense and without expectation of
a reversal of the process, except through
the intervention of therapy or intercurrest
disease. It would an astonis
ghysiological phenomenon if this were trye,
ut, as has béen known for some time, it;is
not. Some of the facts have been disclosed
by prolonged observations of the rate and
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extent of the cexcretion of lead by paicn's
or industrial cmployees who had termi-
nated their occupational exposare ta-le )
temporarily  or &crmancnt v {(J0L The
experiments deseribed herein clucidate the
matter still further, heavever, becauss of
the completeness and the (uantitative
character of the information which they
supply on all aspects of the matter.

n addition to the fact that, after b
tersination of a peried ot abaorsal
absorption. a variably prolounged perinl of
climination of the accumulated lead ensucs
—that is, an excess of output over intuke---
there is also a variation in the rate of this
loss, from one individual to anatier. depen-
dent upon. (a) the amount of lead wi\ic!:
aceumulated during the pen'nd ot whnomual
absorption, and also (b! upon the length
of time involved 'in the accumulative
process. These features of th.c eliminat:>a
of absorbed and retained lead are iilus-
teated, in part, in Pigure 11. in which are
represented graphically the cumulative
retention of lead Yy each of this serics of
experimental subjects, during a period of
daily “experimental ingestion of a known
quantity of lead, and the accumulative loss
of lead during A period following the
termination of the experimental ingestion
of lead. Figure 11 also includes the

v
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“'.g;éh‘;-“-d accumulated in the bodies of

1phic representation of the ceerespondin
hgviourpof two subjects wlj&:_ingesteﬁ
only such lead as was cdataingd in their
foodd and beverages. - T i o ,
The legend of Figure 11 pmoxides the
_additional information vequiredito clarify
certain of the details iof;the.manner of
representation emploved; :buk gome com-
ment may be required-'te bring. out the
more important relatioswhips,.. First, it
should be noted that it -contains a family
of related and similar-¢urves. The two
subjccts represented iu the two: lowermost
and substantially identieal cumves, climi-
nated more lead in their-uring:and feces.
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gse su gects are indicated by the primary
slopes o
varied directly with the quantities s lead

the respective curves, whic

ingested daily. The actual quantities
acciimulated varied correspondingly, bein

represented, in the intermediate and fina
periods. by the points on the curves.
Despite the fact that two of the curves
(those of subjects M.R. and E.B.) tended
to onincide in their early courses (during
the first § months of each), the metabolic
hehaviour of the individuals was clearly
difercntiated  otherwise, according to
dosage.
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Tiz. 1. The cumulitive diZcrvvice between tle grees alimentary intake of lead, and the
rrise output of lead it the Feéep dnd urine, in suceestive poriods of 25 deus, over the periods
o f time indicated,  Tise twalmecrmont curces ropresent tie negatice balance es ebecreed
i subjects S\V. end LE., wdder normel (Dase-line: conditians, The upward slrpcs of the
four chove the base linc rcpresent, from below upwerd, the relative rites of eccunulation,
end the points give the gugatlics of lfeed cocumulited by subjects SW.. MK F.B. und
L¥.. durine the periads in?#?&fi‘d; in'which they incested. in solution, daily 0.3, 1, 2. und
3 mg., respectively,: of leed s The downward slopes of the three curces identified a:
pertairinzg to subjects LF., ER..cnd M.R.. represert the rates of the prozressive losses of
leal. following the termingtion. of the. respective periads of experimental ingestion of leed,
while the points indicite tht guantitics of absorbed und accumulated lead remaining withia

month by mouth, tlmn-»ithe'fé v sted with
their food and beverages. "A¥'irdicated in
the first lecture, this i$ readily explained
by the lack of any rdpregentation i
alr)nalylt:'ec(alxlf data lof the: lead, inlt
absor| rom the atmesphese. :the
curves, which, from I)glolw g -
sent the behaviour of subije
xEnBth ancb LF,, who. :5 o ] ; 3
eir diets, ingested: 0.3, J,. 2. 4nd &
:f llnea% ver da)? res ), show
ach 'of these subjects; ingnghed.
than ‘he eliminated. The_pela

‘three),

“#hevbodies of the respective subijects.

When the intake and output of lead
of the three subjects wcre followed after
the termination of the experimental inges-
tion of lead. the situation was reversed and
the lead that had been accumulating now
diminished. The eliminative process, in
each ‘instance (after a Drief period of
relatively rapid decrease in two of the
roceeded at rates which were
appreciably lower than the respective rates
o} accumulation, and app to vary
inversely, among the three, with the length
of time over which the accumulation had
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occurred. The differcnt rates at which the
previously accumulated Wad was ‘élirinut-
ed are illustruted most strikingly by the
prolonged observations on subjects M.R.
and E.B., and the differgnce betieén these
two subjects was especially promounted,
despite the fact that the total guantities
of feud which they had tetained (the one
iu four yoars, and the dther it two) were
very nearly identicyl. If it be assumed
that the etabolic reactions of ‘the two
subjects were much the same, the
conclusion is almost inescupable that the
respective rates of elimination dépended
wpon  somne  factor assoviated with the
length of time required to accwnulate a
given guantity of lead in the two in-
stunces. Such a fuctor may be visualized,
in contemplating the evidence that the
large proportion of the retained lead had
gone into the osseous tissues of the two
subjects. in which, in the two periads ot
time, disproportionate  guantities of the
retuined Jead had found their way iuto the
more sluggishly metabolizing regions of the
respective bony structures. It has been
observed at necropsy, that when lead has
bieen absorbed rapidiy, it is unevenly distri-
buted in a boue, being found in relutively
high concenteation in the more vascubur
and more mpidly metabolizing arcas; but
when lead is abserbed very slowly, or at a
low level intermittently, or when a long
perind of time has elapsed since the occur-
rence of abnormal absorption, the concen-
tration of lead in all parts of the bone tends
to be more nearly uniform (13). It may be
noted, in this rclationship, that under
nonnal conditions, lead is found in higher
concentrations in the relatively avascular
long hanes of the skeleton than in the flat
{Table 16, Lecture 1), whereas the opposite
relationship obtains in fatal cases ot lead
poisoning (Table 27, Lecture 11I).

It is of interest to examine Figure 11
further, from the agpect of the absolute

length of time that pay be required for the
eliminationﬁ %@fq&‘ i’ of leud re-
tained in, ¢ indy duripff ‘a period of
abnormal bp obvios '

related direct

Th
eatly to the fm’d!n ging discussion
of the rates of elimination, _bgt from the
practical viewpoint, it is important to think
in definite temporal terms. It may be

THE METABROLISSL OF LEAD UNDER ABNOAMAL CONDITION>
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observed that subject MI. dliminated

very little of lis retained lead during

the periol of 10 months (actually only
7 to 10 milligramsi. - This was due
in ;past _ta the unfortunate circumstance
that, with the teomination of  the
experimental  ingestion,  this
subject altered -his 1mode of living sotae-
what, and, as is likely to happen at sucl,
times, the quantity of lead in his di?
changed. In this instance it was increased
appreciably for approximately two months,
Despite this experiinental variable, L.

“ever, it was evidont that the climination of

the ead which he had retained during ¢
t‘.\'\wrimcut would require a long i,
Subject EB.. on the other Land. hegan

})mmptly to climinate the lead whicl e

rdd retained. wnd hie continued to do so g
a fairly steady but grudvddiv diteinishine
rate, for about 30 manths, after wn fuiti.)
period of about two months of re-l.n'?«!y
rapid loss.  During the total periodgs 2
lunar mouths, $96 dayvs) he eliming,
approximately 70 of the 110 miliigrarg e
had accumdated i his body in 23 hows
months (Lalf of the retained lead had boen
eliminated in 23 lunar months:. Neither of
the other subjects was fotowed Tawes
cunugl (the importance of doing so was
nat evident at the time, aud it woukl luse
heen ditficult to do so in cither case
provide results which can now b oo
pared with those obtained in the case !
subjeét EB. Therc is good reason. -
the trends of the ather two curves, and ia
view of the comparability of the wtia:
aspects of their metabolic patterns, to inkr
that subject LF. reduced bis retained ol
by half in something more or less than
cight months, while subject M.R. could
hardly have reached a similar state (that
half of his cxperimentally induced ~ body
burden”) in much less than five years
These are, of course, rough estimates. let
they provide some support for a “rule of
thumb,” which ja the case of subject E.B.
is based on reasunably firm ground. ' One
may state such a rule in his casc. and may

‘perhaps apply it, with some rescrvation, to
ovher

situgtions involving approximately

two vears of abnormal absorption to the

effect that about twice the length of time
was required to eliminate the accumulated
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Jead, cs that fivdlved in its acenmulation.
The other subjects fall on une side or the
other of this estimute, as wiil also those
individuals whose abnormat*abserption of
lead has resulted in accumuldtion over
short or long periods of time, =

Another incidcutal featare’ of ‘Figure 11
is concerned with the lack of any visible
effects in association with the ™ induced
dietary changes” (which” have™been” re-
ferred to previously) in the ‘case of subject
MR, andl with thtvbém_‘cslziulitii;ly nega-
tive ¢fect of the indicated attempt at
“ deleading.” The latter; introduged into
the experiment only after an fnterval of
time sulficient to permit the normal clim-
juative  processes  to  clemonstreate their
operation, but before theyé had been any
considerable diminution in the body bur-
den of lead, consisted in providing subject
ALR. with a diet very low in calcium, and
in the  administration  of  Ammonium
chloride in_ increasing dosuge up to the
point of tolerance. over i perind of six
weeks. The effect, in teting of the elimina-
tion of lead during this period, was clearly
negligible. It has been an acééptecd fact
for some time that this type of elitninative
regimen is incffectual, and méntion is
made of it here only for the sake of a full
representation of the details- of thils experi-
ment. This cxperimental pmcedure was
m;\t without point at the titne it was under-
taken.

KOBERT A. KEHOE

M3y, 1t

-ln&?ﬁ@-%cmduct of the groap of exveri-
ments gonoerred with the ingestion of lead,
oppdrtunities presented themselves for
seeking answers to a number of questions
that are of interest to ?hysiologists and also
to clinicians. Ouly a tew of such questions
were pursued in a manner that required a
departure from a simple and ordina:y
routine of performance on the part of the
subjects. The dits, on the other hand,
have been examined by various means a:d
in various relationships in search of signifi-
cant ‘ftems of cvidence. They will be re-
turned to again and again, no doubt, as
further questions arise. One such proced-
ure - was that of examining the data
obtained during the period following the
termination of the experimentid ingestion
of lead. This period, when lead was being
excreted ‘in greater guantities than those
being absorbed, was especially favourable
for the determination of the relationship
between the urinary and the true alimnea-
tary excretion. K

Tables 21 and 22 display the obscrved
facts. as well as the caleulations and
assnmptions, on which arc based the
cstimation of the urinary and the alimen-
tary excretion of lead by subjects MR, and
E.B. respectively, during the terminal
periodls of these two eaperiments.  The
steps in the calcwlations were those of (1
swnming. up the excess of the output of
lead of each subject over the intake, tollow-

Table 21

Lead Intake and Output of Normal Subject (M.R.) during the Period of 250
Days after the Termination of the Oral Administration of Lead

Ingested lead :
In food and beverages
Eliminated lead :
Inurine - ...
In feces ceetiTieen . ems

Torar ... ..
Excess of Eliminatién ~ ... " ...
Excess excretad in uri -

92-18 mgs.

Excess excretad-by alimentary tract —2-87 mgs.

TOTAL ... .

, by ) .ot
concentration of lead
amount of lead elimin

wh;Agived at a ;: "
:\tg inthe’

1599 mgs.
83:13 mgs.
. 99-42 mgs.
7-24 mgs
10-11 mgs.”
7-24 mgs.

fomhat would have been the nocmal urinary output for this
the urine during this peri

by the mean normal

“of this subject, and subtricting this product from the total
ne during this period.
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May, 1551) THE METAROLISM OF LTAD UNDER ARNORMAL CONDITIONS

ing the termination of the perind of abnor-
mai alnorption, for a period of tane sufii-
cient, presumably, to cancel out the crrors
of sampling of the food and feces; (2) of
calculating what would have been the
normal output uf lead in the urine during
this period, and subtracting this amount
from the actnal oulput during the period
(the normal gutput was taken to be the
product of the total volume of the urine
in litres, during this wiéd,;nult?)ied by
the mcan normal conentration of lead i

the urine of the subject as originally
determined, oxpressed in the . praper
decimal-of a milligram per litre); and (3) of
subtracting the value in (2), which will
represent the excess of lead excreted in the
urine. from the total excess, and regarding
this diffcrence as the excess of lead actually
cxcreted via the alimentary tract.  This
methad is not strictly precise, but it is cor-
rect in priuciflg,, and can be expected to
vield results that err only slightly, and are
certainly of the correct order of magmitude.
According to Table 21, subject M.R., ex-
creted a_guantity of lead in his wrine of
the aorder of 7 tu 10 mg. {dependent upon
which value is agc-ccptea) in excess of that
which wuas taken iuto his body and

auwseld PLIPIL g 4

negiigible, in view of the evidence to wiisl,

atteation was ecalled previously, tiot a

norial  subject may  eliminate  approxi.
mately 6 g. of lead (8 mg per year) durirg
such a period as this. Tgc elevation of
the output aud the concentration of lead
in the urine after the termination of the
abnormal absorption provides adequate
evidence, however, of the exceretion of pre-
viously absorbed lcad in the urine. The
riugutigy of lead so excreted in cxcess of
that nonpally excreted, is more neurly cor-
rect, jin all probgbility, than is the quantity
indicated by the gross diflerence hetween
intuke and output, for the rcason thzt,

‘uicler the condlitions of these experiments,

crrors in the sampling of the uriue are less
numerous and smaller than those assuciatad
with the dnplication of the foo:d consumed
daily.  We may reasonably take it. from

thesz ohscrvations, therefure, that satisfac-

tery cvidenee has been afforded in Table
2] of the excretion of the e¢xcess of lead
via the urine. but that it has viclded o
valid evidence that any of the rctained
lead was excreted by subject M.R. viz &
alimentary tract.

The evidence in Table 22 is dilferent.
Subject E.B., when considered in the sane

Tuble 22

Lead Intake and Output of Normal Subject {E.B.) during the Period of
448 Days after the Termination of the Oral Administration of Lead

Ingested lead :

In food and beverages
Eliminated lead :

In urine

In feces

TotaL

Excess of Elimination
Excess excreted in urine

1438-20 mgs.
3561 mgs.
153-04 mys.

133:65 mgs.
40-43 mgs.
19-13 mgs.*

Excess excrected by aliment.a.r'y tract  21-32 mgs.

Totar ... .

40-43 mgs.

* Arrived at in the same manner as the corresponding value in Table 21.

absorbed during the period of 250 days
with which we are concerned in this
relatioaship; during this same period he did
not excrete any of the retained lead by
way of the alimentary tract. The actual

excess of thé ‘gris output of lead over the °
gross intake during this period was almost

manner as subject M.R. eliminated approxi-
mately 40 milligrams of lead more than he
took in during the period of 44§ days of
these observations. The same methods of

. caleulation. indieate that approximately

equitl amounts of the retained lead were

excreted in the urine and feces,
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The meaning of these somewhat dispar-
gt results du the two fustances is not
entirely ccrtain. It seems improbable that
there was any great difference in the opera-
tion of the basic metabolic mechanisms of
these two subjects. Rather, it is probable
that the principal difference in their excre-
torv behaviour during these corresponding
experimental periods lay in the difference
in the quantities of lead in active transit in
the two instances.  We have observed that,
when the quuntities of lead being excreted
by cortain patients were quite large, in
the absence of continuing respiratory
exposure to particulate lead compounds,
the alimentary lead appeired to be appre-
ciably greater than that which could be
accounted for by the lead ingested in food

KOBERT A. KLHOE

ournat RIDUL & H.

and beverages. It seems likely, therefore,
that the alimeatary exeretion of lsud begins
to contribute to the total excretory process,
when the Iead in transit reaches a suitable
threshold, and that it contributes propor-
tionally more, as the quantity of lead in
transit increascs. We have observed per-
sons whose true alimentary excretion of
lead appeared to be three or four times that
in the urine (in the absencc of renal impair-
nient), and we have also seen others, as in
the case of subject M.R., whose alimentary
excrction of lead appeared to Le negligible.
There is no doubt, of course, that lead is
excreted in the bile, but at its point of dis-
churge into the alimentary tract it has a
lung way to go and a long time in which to
Le absorbed before being evacuated.
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SPECIAL MEDICAL NOTE

Centrex also lends itself admirably for
surgery use cleansing the skin of casualties
before lregtmenl:a. Itis nlr;:dy ?.ad for this

urpose in a large number of important
lpndustries. It is quick, perfectly safe and
causes no discomfort.
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Cut out make-believe and guesswork now

YOU CAN RELY COMPLETELY ON 9

THE HYGIENIC
HAND CLEANSER

Awarded the Certificare of the Rosal Institute of Public Health and Hygiene

Ensures perfect, safe, complete skin
health and cleanliness at a known cost.
Backed by a free, specialised advisory
service.

Full information and working sample free from——

WALKERS (CENTURY OILS) LTD.
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